Abstract. The purpose of this study was to compare early and late outcomes after inflammatory and noninflammatory abdominal aortic aneurysm (AAA) repair with emphasis on graft-related complications. Of 625 consecutive patients submitted to AAA repair, 18 were classified as having inflammatory AAAs (group 1). The results of this group were compared with those of 54 patients (group 2) retrospectively drawn from patients who underwent aortic replacement for noninflammatory AAAs. A computerassisted matching system was used to match patients according to date of birth, gender, and surgical priority. All patients of both groups were followed by periodic clinical and instrumental examinations. Patients in group 1 complained more frequently of aneurysm-related symptoms (72% vs. 20%; p = 0.0001), and their erythrocyte sedimentation rate was elevated more often (78% vs. 19%; p < 0.0001). Surgical morbidity and mortality rates were not different. The mean lengths of follow-up were 61 ± 47 months (group 1) and 71 ± 38 months (group 2). The 10-year overall survival rates did not differ significantly between the two groups (49.1% ± 16.9% for group 1 vs. 61.6% ± 13.8% for group 2; p = 0.26, log-rank test). In contrast, the free from paraanastomotic aneurysm survival rates were significantly lower in group 1 (57.3% ± 20.2% vs. 97.8% ± 2.5% at 10 years; p = 0.025, log-rank test). Long-term outcomes showed a higher incidence of graft-related complications in group 1. As inflammatory aneurysms might represent a risk factor for the development of paraanastomotic aneurysms, routine imaging surveillance of graft aortic healing after inflammatory AAA repair is warranted.
Inflammatory (noninfectious) abdominal aortic aneurysms (AAAs) [1] are characterized by marked thickness of the aortic wall, with dense perianeurysmal fibrosis involving adjacent organs. [2] It is not certain whether they have an independent pathogenesis or simply represent the extreme end in the spectrum of inflammatory changes present in all AAAs and even in atherosclerotic plaques [2] [3] [4] [5] . Nevertheless, they may be considered a distinct clinical entity because of their histologic features and associated surgical problems [2, [6] [7] [8] [9] . Almost all reports concerning late outcomes after inflammatory AAA repair have focused on the evolution of perianeurysmal fibrosis [10] [11] [12] [13] . Imaging follow-up studies of graftrelated complications in comparison with those of noninflammatory AAAs have rarely been reported [14] [15] [16] . Some experiences using a clinical follow-up examination showed no significant differences in long-term survival rates between inflammatory and noninflammatory AAAs [6, 7, 16, 17] .
This study is a case-control analysis of early and late outcomes of 18 patients who underwent repair of an inflammatory AAA during the period January 1987 to December 1999. We included 54 control patients operated on for noninflammatory aneurysms during the same period, matched for gender, age, and surgical priority.
Patients and Methods

Patients
From January 1987 to December 1999 a total of 625 consecutive patients underwent AAA repair. AAAs were defined as being inflammatory when macroscopic and microscopic findings were observed as follows: (1) tomographic or intraoperative gross appearance of marked thickening of the aneurysm wall with encasement of surrounding retroperitoneal organs; and (2) adventitial fibrosis together with inflammatory infiltrates of lymphocytes and plasma cells, endarteritis obliterans, and fibrosis around nerves, as previously described in the literature [2, 3, 18] . Based on these criteria, 18 (2.8%) patients were considered to have an inflammatory AAA (group 1). A control group (group 2) with noninflammatory AAAs was retrospectively drawn from the remaining 607 patients who underwent abdominal aortic replacement during the same period. For each patient in group 1, three control patients were identified using a computer-assisted matching system to match patients according to date of birth, gender, and surgical priority (elective surgery vs. emergent surgery).
Preoperative clinical features and cardiovascular risk factors were compared in the two groups, and operative reports were reviewed to identify differences in the surgical technique and associated procedures. Postoperative (within 30 days after surgery) mortality and morbidity, late survival rates, and graft-related complications were compared.
Surgical Procedure
A transperitoneal approach was used in all cases. In group 1 aortic replacement was performed avoiding extensive dissections and by the in-lay graft technique, according to Crawford et al. [6] . Dacron polyester (woven or knitted) and polypropylene sutures were used in all patients. A specimen of the aneurysmal aortic wall was routinely removed and sent for histopathologic evaluation in all cases. Aneurysm repair was accomplished by experienced vascular surgeons certified in general and vascular surgery. Steroids were not administered before or after operation.
Follow-up
Follow-up was routinely performed 6 months after operation by clinical examination and laboratory tests and yearly by computed tomography (CT) scanning. The last inquiry was made between January 2000 and December 2000. The differentiation between true and false aneurysms was performed on the basis of criteria defined by Johnston et al. [1] .
Statistical Analysis
All continuous data are expressed as means ± SD, and categorical variables are reported as a percent. Commercial statistical software (SPSS for Windows, version 8.0; SPSS, Chicago, IL, USA) has been used for data analysis. Continuous data were compared by one-way analysis of variance (ANOVA) and categorical data by the chisquare test or Fisher's exact test when indicated. Total survival and "free from anastomotic pseudoaneurysm development" survival rates of both patient populations were determined by KaplanMeier survival analysis; the estimated survival proportions are reported ± standard error of the estimates. Differences in survival and "free from anastomotic pseudoaneurysm development" survival were compared by the log-rank test. A p value less than 0.05 was considered significant.
Results
Preoperative Risk Factors and Clinical Presentation
As expected from the selection criteria for the control group, the two groups were similarly matched for age, gender, and surgical priority. Differences between the groups were found regarding clinical presentation and signs but not for preoperative risk factors ( Table 1 ). The incidence of symptoms was in fact significantly higher in group 1 patients, who also had an elevated erythrocyte sedimentation rate (ESR) more often. Abdominal and back pain were the most common presenting symptoms in group 1 (11 cases, 65%); however, of these 11 patients, only 1 had a true rupture of the aneurysm. Two more patients in group 1 were admitted to hospital for symptoms referable to obstructive uropathy.
Operative Features
Inflammatory AAAs showed a typical white surface and dense perianeurysmal fibrosis that entrapped the duodenum in all cases (100%), the inferior vena cava and left renal vein in 10 (55.5%) and 8 (44.4%) cases, respectively, the ureters with varying degrees of obstruction in 6 (33.3%), and the small bowel in 1 case (5.5%).
Treatment of ureteral involvement depended on the degree of ureteral obstruction: Ureteral stenting and ureterolysis were performed in two patients with severe bilateral obstruction, and the remaining patients underwent aneurysm resection alone. None of the noninflammatory AAAs had adjacent retroperitoneal organ adhesion. Intraoperative factors-such as the site of clamping (below or above renal arteries), type of graft replacement (straight or bifurcated graft), incidence of left renal vein division, or associated vascular and nonvascular procedures-were not different between the two groups ( Table 2) .
Postoperative Outcomes
There were no perioperative deaths. In-hospital morbidity rates and the various complications are shown in Table 3 . No significant differences were found between inflammatory and noninflammatory AAAs.
Long-term Outcomes
The mean follow-up was 61 ± 47 months for group 1 and 71 ± 38 months for group 2 (p = 0.78). Cumulative survival rates ( Fig. 1) were lower, although not significantly so, for group 1 than for group 2 (49.1% ± 16.9% vs. 61.6% ± 13.8% at 10 years; p = 0.26); conversely, "free from paraanastomotic aneurysm" survival rates ( Fig.  2) were significantly lower in group 1 (57.3% ± 20.2% vs. 97.8% ± 2.5% at 10 years; p = 0.025).
In detail, paraanastomotic aneurysms in group 1 occurred at the aortic proximal anastomosis (two cases) and at the iliac anastomosis (one case); the only complication of this type in group 2 occurred at a femoral anastomosis. The first proximal paraanastomotic aneurysm of group 1 was detected 50 months after primary aortic repair in a patient who had undergone ileal resection for volvulus on postoperative day (POD) 8; it measured 5.4 cm in diameter. Surgical treatment was required 1 year later because of its enlargement. At surgery a true aneurysm was seen to involve the aorta adjacent to the suture line. Repair was accomplished by suprarenal cross- clamping and by placing a graft proximal to the old one. The patient was discharged without complications, but 3 years later he developed a prosthetic-duodenal fistula, which was treated by duodenal resection and aortic replacement with a cryopreserved homograft. The patient died from a homograft rupture on POD 7. The second patient with an aortic paraanastomotic aneurysm underwent emergency operation because of rupture 70 months after the primary repair; the rupture occurred at a focal bulging of the aortic wall at the anastomotic site. Prosthetic replacement of the old graft was carried out, but the patient died on POD 4 from multiple organ failure. The third anastomotic aneurysm, located at an iliac anastomosis, was discovered 88 months after the primary operation; it measured 4.4 cm in diameter and was treated successfully by endo- a Some patients had more than one complication; for that reason the sum of the complication rates in both groups does not give the exact rate of overall morbidity. Table 4 .
Evolution of Fibrosis in Group 1 Patients
Symptoms and elevated ESRs disappeared within 12 to 18 months after aneurysm repair. Hydronephrosis regressed within the same period in patients treated by ureterolysis as well as in those who underwent aneurysm repair alone; neither recurrence nor progression of ureteral obstruction was detected. CT scanning follow-up showed complete regression of retroperitoneal fibrosis in 11 patients (61.1%) and partial regression in 7 (38.8%) at an average follow-up of 61 ± 47 months.
Discussion
Imaging follow-up studies evaluating aortic-graft healing after aneurysm repair are infrequent in the literature. Therefore the true rate of false aneurysm development is still undefined not only for inflammatory AAAs but also after noninflammatory AAA repair. The wide range of rates previously reported is probably due to the various procedures, prosthetic materials, length of follow-up, and methods of detection as well as the aggressiveness with which these lesions have been sought [19] [20] [21] [22] . Edwards et al. followed up with yearly sonographic examination 111 patients who underwent aortic bypass grafting for AAA or occlusive disease; they documented a paraanastomotic aneurysm rate of 27% at 15 years [23] . Hallett et al., in a population-based study, evaluated graft-related complications after AAA repair by ultrasonography, CT scanning, or both. They reported that 3% of patients showed anastomotic aneurysms (1% at the aortic anastomosis) at a median follow-up of 6.1 years [24] . More recently, Kalman et al. performed CT scan follow-up 8 to 9 years postoperatively in a cohort of patients enrolled in the Canadian Aneurysm Group and documented a 7.5% rate of proximal false aneurysms [25] . Late surveillance of aortic graft healing after inflammatory AAA repair using routine CT scans or sonographic follow-up examinations has been reported even more rarely. Nitecki et al., in a casecontrol study using CT or ultrasound scans for follow-up, reported similar 5-year survival rates for inflammatory and noninflammatory AAAs, without any occurrence of pseudoaneurysms in inflammatory AAAs [15] . A review of the literature concerning graftrelated complications after inflammatory AAA repair is reported in Table 5 [10, 12, 14, 15] .
Our single-institution case-matched study showed that inflammatory AAA repair is associated with a higher incidence of anastomotic aneurysms than noninflammatory AAA repair despite early outcomes and late cumulative survival rates that were not significantly different. It should be noted that the number of patients in this study is fairly small because of the strict criteria adopted to define the inflammatory AAA; our prevalence is in fact relatively low (2.8%) compared with other previously reported experiences [2, 3, 7, 8, 17] . However, the selection procedure allowed us to obtain two groups with similar preoperative risk factors followed by periodic instrumental examination and to make the groups strictly comparable.
Patients with symptoms due to the aneurysm and ESR elevation were found more frequently among those with inflammatory AAAs according to data reported in most surgical series [6-8, 10, 15-17, 26] . Nevertheless, different preoperative results have been described in other studies. Similar incidences of symptomatic patients regarding inflammatory and noninflammatory AAAs have been reported by Johnston and Scobie in a multicenter study of 666 patients with nonruptured AAAs [27] ; iatrogenic lesions in surrounding organs and increased postoperative complications in inflammatory AAA patients have been noted by others [7-9, 15, 27-29] .
Late evolution of periaortic fibrosis in inflammatory AAAs is still controversial. Some reports showed regression after graft repair in almost all patients, [6, 7, 10, 17, 26] , whereas more recent studies have shown partial or no regression of the fibrotic process [11] [12] [13] 15] . Certainly, the length and the methods of follow-up vary among papers, and some observations are sporadic. A literature review revealed that complete fibrosis regression was noted in 23% to 53% of cases, partial regression in 21% to 57%, and no change or progression of inflammation in 0 to 38% and 0 to 3.8%, respectively [11] [12] [13] 15] . The overall mean follow-up in these reports is about 2 years. In our study, most patients showed regression of the fibrotic process after about 5 years. Thus it can be hypothesized that regression of fibrosis can take several years to complete, and that such a process is not necessarily related to normalization of the ESR, which occurs much earlier during the follow-up of these patients.
The higher incidence of paraanastomotic aneurysms after inflammatory AAA repair in our study raises the question of whether they have specific features predisposing to the development of this complication. Histopathologic changes of the aortic wall could play a pathogenetic role in the development of these complications. Flogistic infiltrates and endarteritis obliterans with subsequent ischemic aortic wall damage could induce arterial weakness leading to pseudoaneurysmal degeneration. Recent studies investigating the extracellular matrix modifications by immunoelectron microscopy and immunohistochemical techniques have shown that elastin depletion and collagen fiber alterations are more extensive in in- flammatory AAAs than in noninflammatory AAAs [30] . It is likely that these or other unidentified defects affect the resistance of the aortic wall, predisposing to late anastomotic aneurysm development.
Conclusions
Our study suggests that inflammatory AAAs constitute a risk factor for late paraanastomotic aneurysm development. Large series with imaging follow-up are warranted to detect the true incidence of late graft pathology in this type of aneurysm and to confirm the tendency for anastomotic aneurysms to develop more frequently with inflammatory AAAs than with noninflammatory AAAs. 
